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This paper analyses the temporal and spatial variability of droughts in Romania, over the last five 30 
decades, based on a high-resolution data set developed at country level, namely ROCADA. 31 
Droughts are analyzed by means of the Standardized Precipitation Index (SPI) for 3-month, 6-32 
month and 12-months time scales. 33 
The time period 1979 – 1995 was identified as the period with the highest number of months 34 
affected by moderate, severe as well as extreme drought conditions. The 2000 – 2001 episode 35 
was identified as the major drought event, concerning the severity and the spatial extent, with an 36 
area of 60% of the country affected by extreme drought for more than 10 consecutive months. 37 
The results of the trend analysis emphasize an inhomogeneous spatial aspect of the 38 
dryness/wetness trends. Statistically significant positive trends (wetter conditions) over small 39 
areas distributed inhomogeneous around the country like the southernmost corner as well as the 40 
north-eastern part and some small areas in the western part of the country have been identified. 41 
Statistically significant negative (drier conditions) trends have been obtained over the south-42 
western part of the country and over the eastern part. In general, the SPI trends follow the 43 
observed trends in the monthly precipitation totals, at country level.  44 
The results indicate that there is no spatial consistency in the occurrence of droughts at country 45 
level and the SPI at different time scales may vary in its usefulness in drought monitoring, due to 46 
the fact that in the case of shorter time scales the SPI values have the tendency to fluctuate 47 
frequently above and below the zero line, while for longer time scales there are well defined dry 48 
and wet cycles.  49 
 50 










1. Introduction 58 
Drought is one of the most complex phenomena that can have a strong impact on agriculture, 59 
society, water resources and ecosystems. One of the reasons for this is the spatial extent of 60 
drought and its duration, sometimes reaching continental scales and lasting for many years. 61 
Drought affects many regions of the world and is globally one of the costliest climatic hazards 62 
(Wilhite, 2000). Generally, drought originates from a deficiency of precipitation over an 63 
extended period of time, usually a season or more. Investigations of drought are carried out all 64 
over the world. However, because of the complexity of this phenomenon, a uniform 65 
methodology for implementing drought studies has not been developed yet, although some 66 
indices of drought are widely used (Dai et al., 2004; Wells et al., 2004; Palmer, 1965).  67 
Drought is seen in different ways by different constituency of water users. Drought definitions 68 
are of two types: a) conceptual and b) operational (Wilhite, 2000). Conceptual definitions help 69 
to understand the meaning of drought and its effects. For example, drought is a prolonged period 70 
of deficient precipitation, which causes extensive damage to crops, resulting in loss of yield. 71 
These definitions do not provide quantitative answers to ‘when”, “how long”, “how severe” a 72 
drought is and are often used as a startup in scientific papers and reports. Operational definitions 73 
help to identify the drought’s beginning, end and degree of severity. To determine the beginning 74 
of drought, operational definitions specify the degree of departure from the precipitation average 75 
over some time period. This is usually accomplished by comparing the current situation with the 76 
historical average. An operational definition for agriculture may compare daily precipitation to 77 
evapotranspiration to determine the rate of soil-moisture depletion and express these 78 
relationships in terms of drought effects on plant behavior. These definitions are used to analyze 79 
drought frequency, severity, and duration for a given historical period. Varied definitions of 80 
droughts, depending upon the influential factor, are seen in the literature which can be grouped 81 
as follows: a) Precipitation based drought definitions; b) Evapotranspiration based drought 82 
definitions; c) Streamflow based drought definitions; d) Soil moisture based drought definitions; 83 
and e) Vegetation based drought definitions ((Ped, 1957; WMO, 1975; Wilhite and Glantz, 1985; 84 
Farago et al., 1989; Maracchi, 2000; Dai, 2011). The groups in a) and b) refer to meteorological 85 
drought conditions, group c) refers to hydrological droughts and those in d) and e) refer to the 86 




Drought propagation depends strongly on climate (Sheffield and Wood, 2011). At European 88 
scale, research on drought variability has been mainly focused on regional scales and/or over 89 
regions which are exposed to severe droughts [Iberian Peninsula (Estrela et al., 2000; Vicente-90 
Serrano, 2011); the Mediterranean Region (Livada and Assimakopolous, 2007) and the south-91 
eastern part of Europe (Koleva and Alexandrov, 2008; Cheval et al., 2014]. Looking at other 92 
European regions, Briffa et al. (2009) showed that high summer temperatures in the western and 93 
central part of Europe are responsible for the large extent of summer drought conditions. Trnka 94 
et al (2009) emphasized that the drought conditions in the central part of Europe are triggered by 95 
different atmospheric circulation patterns and that the drought phenomenon is very pronounced 96 
in early vegetation period (April – June). Ionita et al. (2012) showed that summer drought 97 
conditions over Europe are strongly influenced by previous winter SST anomalies and different 98 
ocean and atmospheric modes of variability (e.g. Atlantic Multidecadal Oscillation (AMO), 99 
Pacific Decadal Oscillation (PDO) and North Atlantic Oscillation (NAO)). In a recent study, 100 
Ionita et al. (2015a) emphasized the combined effect of different teleconnection patterns (e.g. 101 
NAO, Arctic Oscillation (AO), East Atlantic (EA)) on the seasonal dryness/wetness variability at 102 
European scale. 103 
Large areas of Europe have been affected by drought during the 20
th
 century. Severe and 104 
prolonged droughts observed mainly in the Mediterranean region have highlighted the 105 
vulnerability to this natural hazard and alerted the governments, stake holders, operational 106 
agencies to the disastrous effects of droughts on the society and economy and the need for 107 
mitigation measures (EEA, 2001). In this context, Romania is very likely to experience a wide 108 
range of impacts in response to climate change, mainly due to the temperature increases which in 109 
turn can perturb the hydrological cycle. The south, southeast and eastern parts of our country are 110 
the most affected areas.  During extremely dry years the average yields of various crops 111 
represent only 35% - 60% of the potential yields. The climate evolution in Romania indicates a 112 
diminution of the annual precipitation especially over the south-eastern part of the country 113 
(Busuioc et al., 1996).  114 
In order to quantify droughts and monitor wet and dry periods, various indices (e.g. SPI; Palmer 115 
Drought Severity Index (PDSI); Rainfall Anomaly Index (RAI); Crop Moisture Index (CMI); the 116 
Surface Water Supply Index (SWSI), the Standardized Precipitation - Evapotranspiration Index 117 




weaknesses and strengths (Mishra and Singh, 2010). For characterizing meteorological drought, 119 
experts have agreed that the SPI should be used by all National Meteorological and Hydrological 120 
Services around the world (WMO, 2012; Hayes et al., 2011). As such, the aim of the current 121 
study is to make a country level based assessment of the drought phenomenon, at three different 122 
time scales (3,6 and 12 months) over the last 60 years, using the Standardized Precipitation 123 
Index. 124 
This paper is organized as follow: in section 2 a short introduction about the study area and the 125 
data sets used in this study is given. The main results are shown in section 3, while the 126 
concluding remarks are given in section 4. 127 
2. Study area and data sets 128 
Romania is situated in the southeastern-central part of Europe, north of the Balkan Peninsula and 129 
at the western shore of the Black Sea. The climatic conditions are dependent on the country's 130 
varied topography (Figure 1). The Carpathians serve as a barrier for the Atlantic air masses, 131 
limiting their oceanic influences to the west and center of the country, which experience milder 132 
winters and heavier rainfalls as a result. The mountains also block the continental influences of 133 
the vast plain to the north in the Ukraine, which results in frosty winters and less rain to the south 134 
and southeast. 135 
This study is based on monthly precipitation totals data from the ROCADA database 136 
(Dumitrescu and Birsan, 2015). ROCADA is a daily gridded observational dataset for 137 
precipitation, minimum, mean, maximum temperature, soil surface temperature, sea level 138 
pressure, relative humidity, cloud cover and sunshine duration in Romania based on station 139 
information. The dataset covers the period 1961 - 2013. It has been developed as part of the 140 
EURO4M (EU-FP7) and is now maintained and elaborated for future extensions in space and 141 
time as part of the UERRA project (EU-FP7). The data is available on a 0.10° x 0.10° regular lat-142 
lon grid. The Multiple Analysis of Series for Homogenization (MASH) v3.03 method and 143 
software (Szentimrey 1999, Venema et al. 2012) was used to fill gaps in the data sets, and for 144 
quality control and homogenization.  145 
In a previous study by Dumitrescu and Birsan (2015) the ROCADA data set has been compared 146 
with station based observed data, E-OBS data set (Haylock et al., 2008) as well as APHRODITE 147 




shares the closest resemblance with observation, when compared with E-OBS and 149 
APHRODITE. Moreover, ROCADA data set is better in reproducing the local variability and 150 
features for all available variables (e.g. precipitation, temperature, cloud cover, relative 151 
humidity). A more detailed explanation regarding the performance of ROCADA is given in 152 
Dumitrescu and Birsan (2015). 153 
The Standardized Precipitation Index (SPI) is computed following the methodology of McKee et 154 
al. (1993) based on the monthly precipitation totals from the ROCADA data set. For this study 155 
the SPI is computed for three different accumulation periods: 3-months (SPI3), 6-months (SPI6) 156 
and 12-months (SPI12). The data set is fitted to a gamma probability distribution and then 157 
normalized to a standard normal probability distribution (e.g. the mean SPI is 0 and its standard 158 
deviation is 1). For a normally distributed random variable, the index is basically the number of 159 
standard deviations by which the observed value lies above or below the long-term means. The 160 
present study focuses on moderate (SPI3), severe (SPI6) and extreme drought (SPI12). A 161 
detailed description of the SPI calculation can be found in McKee et al. (1993) and Hayes et al. 162 
(1999). 163 
In order to analyze the temporal structure (interannual and decadal variability) of the monthly 164 
SPI3, SPI6 and SPI12 variability at country level, we have applied the wavelet power spectrum 165 
analysis. The wavelet analysis used in this paper follows the methods of Torrence and Compo 166 
(1998). Statistical significance is determined against a red noise null hypothesis using a chi-167 
squared test. By decomposing a time series into a time-frequency space, it is possible to 168 
determine the dominant modes of variability, as well as, how these modes vary in time. The 169 
wavelet transform is designed to analyze time series that contain non-stationary power over 170 
many different frequency scales (Daubechies, 1990). The wavelet transform breaks up a signal 171 
into scaled versions of a wavelet function, where the scale of the wavelet (the window) varies 172 
with frequency. Thus, the wavelet is narrow in time at high frequencies and the scale of the 173 
wavelet increases with decreasing frequency. The wavelet transform expresses a time series in a 174 








3. Results 180 
3.1 Temporal evolution of drought indices at country level 181 
The key feature of SPI is that it can be used to quantify the precipitation deficit for varying time 182 
scales. These time scales (e.g. 3, 6, 12 months) reflect the impact of the drought on the 183 
availability of different water resources. A 3-month SPI reflects short and medium soil moisture 184 
conditions, while the 6-month SPI can effectively represent precipitation anomalies over distinct 185 
seasons and indicate medium-range trend in precipitation. The 12-month SPI reflects the long-186 
term precipitation trends (Edossa et al., 2010).  187 
The time series of the monthly values of the 3-month, 6-month and 12-month SPI, averaged at 188 
country level, together with their wavelet spectrum are presented in Figure 2. At country level, 189 
the most severe and prolonged drought occurred from 1982 until 1996 (Figure 2a, c, and e). This 190 
prolonged dry period is very well captured by the monthly time series of SPI6 (Figure 2c) and 191 
the monthly time series of SPI12 (Figure 2e). At short time scales (e.g. SPI3) SPI shows a higher 192 
frequency of change between dry and wet periods (Figure 2a). With increasing time scales, the 193 
variation between dry and wet periods shows a lower frequency of change and a longer duration 194 
(Figure 2c). At shorter time scales SPI has the tendency to fluctuate frequently above and below 195 
the zero line, while for longer SPI time scales there are well defined wet and dry cycles, 196 
especially the dry period from 1982 up to 1996, and the two wet periods from 1965 up to 1982 197 
and 2005 up to 2011, respectively. Similar results, namely prolonged dry period from 1982 until 198 
1996, have been obtained when looking at the drought conditions averaged over the entire 199 
Danube river catchment area (Ionita et al., 2015b). As can be inferred from Figure 2a, c and d, 200 
very dry periods, alternate with wet periods, but there is no obvious trend for the three SPI time 201 
scales analyzed.  202 
To examine the spectral characteristics of drought index at different time periods, a Morlet 203 
wavelet analysis (Torrence and Compo, 1998; Grinsted et al., 2004) was performed on the SPI 204 
time series and the results are shown in Figure 2b, d and f, respectively. The power spectrum 205 
produced for the SPI time series is the product of the natural processes involved and noise. The 206 
black contour lines in Figure 2b, d and f indicate peaks greater than 95% confidence level against 207 
a red noise process. It has to be mentioned that the regions of the power spectrum which are out 208 




present also outside the 95% confidence level, but influence the power spectrum to a lesser 210 
extent. Observed multi-year fluctuations in Figure 2b, d and f (1 – 2 years, 2 -4 years) correspond 211 
to well known energy bands that characterize some climate indices affecting the European 212 
climate and more generally the global climate, such as the North Atlantic Oscillation (NAO), a 213 
phenomena which is recognized as a major forcing climatic factor of the European streamflow, 214 
precipitation and temperature (Rimbu et al., 2005, Cullen et al, 2002, Trigo et al., 2004). For 215 
SPI3 (Figure 2b), the power is broadly distributed in the 0.5 – 2 years band. The 95% confidence 216 
region demonstrates that the periods 1965 – 1975 and 2000 – 2005 are characterized by higher 217 
variance (Figure 2b). Outside these periods there are no significant bands characteristic to short 218 
term drought conditions. For the mid-term drought conditions (SPI6) the power is distributed 219 
mostly in 1 – 3 years band (Figure 2d). As in the case of SPI3, the spectral characteristic of SPI6 220 
shows epochal variations. The highest variance, significant at 95% confidence level, was 221 
recorded from 1962 up to 1980, from 1987 up to 1993 and from 1996 up to 2005. Comparing to 222 
SPI3, the spectral characteristics obtained for SPI6 are more stable (longer time periods are 223 
characterized by the same spectral characteristics). For the longer duration drought (SPI12) the 224 
spectral analysis indicates a concentration of power in the 1 - 4 years band. This energy band is 225 
visible over almost entire analyzed period, with some small exceptions over the period 1978 – 226 
1985. Outside the significant energy bands mentioned before, all three SPI time series (SPI3, 227 
SPI6 and SPI12) show also multidecadal variability, especially in the 10 -16 years band. As 228 
stated before, natural processes could be present also outside the 95% confidence level. Similar 229 
decadal component has been found in the spectral characteristics of the European droughts 230 
(Ionita et al., 2012), the Romanian streamflow (Ionita et al., 2014) and of the monsoon droughts 231 
over India (Kumar et al., 2013). 232 
 233 
3.2 Drought duration maps 234 
To provide a complete picture of the hot spots, at country level, over the last five decades, we 235 
split the data set in three different time periods (17 years): 1962 – 1978, 1979 – 1995 and 1996 – 236 
2013, respectively. We choose these periods to have an equal number of month/years (204/17) 237 
for all the analyzed periods. The aim of splitting the data in three different time periods was to 238 
test if there were significant changes in the drought conditions between the different periods. The 239 




al., 1993): moderate (-1.5 < SPI ≤ -1.0), severe (-2.0 < SPI ≤ -1.5) and extreme (SPI ≤ -2.0). The 241 
frequency in each category (moderate – Figure 3, severe – Figure 4 and extreme – Figure 5) is 242 
expressed as the number of months/time period in a given category when SPI3, SPI6 and SPI12 243 
was below a certain threshold (see the definition of the thresholds in the caption figure of Figures 244 
3, 4 and 5). 245 
During the 1962 – 1978 period the drought hot spots, in terms of moderate drought conditions, 246 
are homogenous distributed at country level (Figure 3a, b and c). In the case of SPI12 (Figure 3c) 247 
a higher number of months, affected by moderate drought, can be observed in the north-western 248 
part of the country. For the period 1979 – 1995 there is an obvious increase in the number of 249 
months affected by moderate drought, compared to the period 1962 -1978 (Figure 3e, e and f). 250 
Especially for SPI6 (Figure 3e) and SPI12 (Figure 3f), there is a much higher frequency of 251 
moderate drought events over the southern part of the country. This particular dry period was 252 
identified also in Figure 2, for the monthly time series of SPI3, SPI6 and SPI12 average at 253 
country level. For the last analyzed period (1996 – 2013) there is a decrease in the number of 254 
months characterized by moderate drought, compared to the period 1978 – 1995 (Figure 3 g, h 255 
and i). There are no significant differences between the three different SPI time scales and the 256 
drought conditions are homogenous distributed all over the country.  257 
In terms of severe drought (Figure 4), the period 1962 – 1978 is characterized by a smaller 258 
number of months which are affected by severe droughts compared to the same period, but for 259 
moderate droughts. For SPI3 (Figure 4a) and SPI6 (figure 4b) there is a similar distribution in the 260 
number of months characterized by severe drought, while for SPI12 (Figure 4c) there are just 261 
few regions, where severe droughts were recorded over this period of time, like: the north-262 
western and north-eastern parts of Romania. For the period 1979 – 1995, as in the case of the 263 
moderate drought, there is an obvious increase in the number of months characterized by severe 264 
drought, for all the three SPI time scales (Figure 4d, e and f). The highest number of months, 265 
characterized by severe droughts is recorded for SPI 12 (Figure 4f). The most affected areas by 266 
severe drought, over the period 1979 – 1995, are the southern, southwestern and central parts of 267 
the country, where there are up to 45 months (out of 204 months) that were affected by severe 268 
drought. For the last analyzed period (1996 – 2013) there is a decrease in the number of months 269 
characterized by severe drought, as in the case of moderate drought, compared to the period 1978 270 




SPI6 (Figure 4h) time scales, the severe drought conditions are distributed all over the country, 272 
except some small part form the eastern part of the country, where no severe drought was 273 
recorded for this period. In the case of SPI12 (Figure 4i) there are just small areas that were 274 
affected by severe drought, especially in the north-western part of the country.  275 
In Figure 5, the hot spots regarding the extreme drought are shown. For the period 1962 – 1978 276 
(Figure 5a, b and c) there are relatively just few months (up to 10/period) when extreme drought 277 
conditions were recorded, mostly over the eastern part of the country for SPI3 (Figure 5a) and 278 
SPI6 (Figure 5b). In the case of SPI12 (Figure 5c), extreme droughts were recorded just over the 279 
north-eastern part of the country. As in the case of the moderate and severe drought, the period 280 
1979 – 1995 is characterized by an increased number of months characterized by severe drought. 281 
For SPI3 (Figure 5d) and SPI6 (Figure 5e) the most affected area by severe droughts were 282 
located in the south and north-eastern part of the country. For SPI12 (Figure 5f) the number of 283 
months characterized by extreme drought is much higher compare to SPI3 and SPI6, 284 
respectively. The most affected areas are the southern part, the central part and the north-eastern 285 
part of the country. As in the case of moderate and extreme drought, for the last period analyzed 286 
(1996 - 2013), the drought conditions were very sparse and the number of months affected by 287 
drought was rather small, in the case of extreme drought, the last period analyzed, has quite 288 
opposite features (Figure 5g, h and i). For SPI3 (Figure 5g), SPI6 (Figure 5h) and SPI12 (Figure 289 
5i) the western part of the country is characterized by a high number of months which are 290 
affected by extreme drought conditions. In contrast to this, the eastern part is free of extreme 291 
drought conditions during the last analyzed period.  292 
3.3 Identification of drought events 293 
Romania has experienced a number of dry periods within the last five decades that have been 294 
documented in previous studies (Cheval et al., 2014; Stefan et al., 2008). Figure 6 provides a 295 
view of such periods by plotting the percentage area affected by three different classes of 296 
drought: moderate (-1.5 < SPI ≤ -1.0), severe (-2.0 < SPI ≤ -1.5) and extreme (SPI ≤ -2.0) 297 
considering the 3-month (Figure 6a), 6-month (Figure 6b) and 12-month (Figure 6c) SPI indices. 298 
In agreement with the temporal evolution of the monthly time series of SPI3 (Figure 2a), SPI6 299 
(Figure 2b) and SPI12 (Figure2c) there are altering periods of intense dryness and wetness, with 300 
a coverage of almost 60% characterized by prolonged drought conditions and periods of no 301 




coverage are: 1965 - 1966, 1974, 1986, 2000, 2002, 2003 and 2011. For all the aforementioned 303 
years there were at least 3 consecutive months when the total area covered by extreme drought, 304 
for SPI3, SPI6 and SPI12,  was above 30%. The years 2000/2001 stand out as the driest years, 305 
the area covered by drought being almost 60% for moderate, severe and extreme drought. This 306 
can be also observed when looking at the spatial distribution of SPI3 (Figure 7a), SPI6 (Figure 307 
7b) and SPI12 (Figure 7c) averaged over May 2000 up to February 2001. For these particular 308 
months and for almost the entire country, the recorded values of SPI3, SPI6 and SPI12 were ≤ -2 309 
(Figure 7). The most affected areas were the southern, central and north-western part of the 310 
country.  311 
 312 
3.4 Trend analysis 313 
The spatial distribution of the monthly SPI trends is shown in Figure 8. Positive and negative 314 
trends, which represent trends toward wetter and drier conditions, were detected. The trends were 315 
investigated using the non-parametric Spearman’s Rho test and the 95% confidence level (Wilks, 316 
2006). The trend analysis (values/period 1962 – 2013) was performed for SPI3, SPI6 and SPI12 317 
indices as well as for the monthly precipitation totals at country level. Figure 8 shows that drying 318 
trends (statistically significant at 95% confidence level) are located over the south-western and 319 
the eastern most part of the country, as well as some small areas in the western and northern part 320 
of the country. The trend observed for SPI3 (Figure 8a), SPI6 (Figure 8b) and SPI12 (Figure 8c) 321 
are similar and they follow the trend observed in the precipitation totals at country level (Figure 322 
8d). Over the north-western and north-eastern part of the country, as well as the south-eastern 323 
most corner of the country there are positive (wetting) and significant trends for all the SPI 324 
indices as well as for the precipitation totals. The inhomogeneous spatial distribution of the 325 
trends indicates that dryness/wetness conditions can be highly diverse spatially, with some areas 326 
being affected by severe drought, while other areas being affected by moderate or no drought at 327 
all.  328 
4. Conclusions 329 
SPI is a valuable index for assessing the variability of dryness/wetness conditions due to its 330 
capacity to represent precipitation anomalies. SPI is used for operational and research activities 331 




frequency and the spatial coverage of droughts in Romania, over the period 1962 – 2013, using 333 
high-resolution data sets of precipitation totals developed at country level (Dumitrescu and 334 
Birsan, 2015). Droughts, at country level, were assessed using the SPI for three different time 335 
scales: 3-month, 6-month and 12-months, respectively. The 2000 – 2001 drought episode, which 336 
has produced major socio-economic damages and is considered the most intense and devastating 337 
drought event in the last 60 years at country level (Croitoru et al., 2011) was identified by SPI3, 338 
SPI6 and SPI12 as the major drought event in terms of duration and spatial extent.  339 
In terms of frequency, the period 1979 – 1995 was identified as the period with the highest 340 
number of months affected by moderate, severe as well as extreme drought. This feature is very 341 
well emphasized for the longer time scales of SPI (e.g. SPI12, see Figures 3i, 4i and 5i). In the 342 
case of shorter time scales, the SPI values have the tendency to fluctuate frequently above and 343 
below the zero line (see Figure 2a), while for longer time scales there are well defined dry and 344 
wet cycles (see Figure 2c). These findings highlight the need for a comprehensive consideration 345 
of different time scales when SPI is employed in drought monitoring. 346 
The results of the trend analysis emphasized an inhomogeneous spatial aspect of the 347 
dryness/wetness trends. There are statistically significant (95% confidence level) positive trends 348 
(wetter conditions) over small areas distributed inhomogeneous around the country like the 349 
southernmost corner as well as the north-eastern part and some small areas in the western part of 350 
the country. Negative (drier conditions) significant trends (95% confidence level) have been 351 
obtained over the south-western part of the country and over the eastern part. In general, the SPI 352 
trends follow the observed trends in the monthly precipitation totals, at country level. This 353 
inhomogeneous pattern in drought trends was identified also by other studies (Cheval et al., 2014 354 
and Paltineanu et al., 2009). Cheval et al. (2014) showed that there is no spatial consistency in 355 
the seasonal drought frequency, magnitude or intensity among different regions of the country.  356 
Since the southern part of  Europe, including Romania, are considered more and more vulnerable 357 
to different kinds of droughts (e.g. meteorological, hydrological and pedological) (IPCC, 2014) 358 
and due to the fact the drought have a high impact on the socio - economic sector, it’s necessary 359 
to assess the future of drought severity and magnitude. The results of this study suggest that 360 
water resources management strategies should be adjusted according to the changing trends in 361 




various climate change scenarios and models to better estimate the impacts of climate changes on 363 
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Figure 2. (a) The times series of monthly values of SPI3 index (1962 – 2013) averaged at country level; 
(b) The continuous wavelet power spectrum of the time series of SPI3; 
(c) As in (a) but for SPI6; (d) As in (b), but for SPI6; 
(e) As in (a), but for SPI12; (f) As in (b), but for SPI12; 
The thick black contour in (b), (c) and (d) represents the 5% significance level against red noise.  
























Figure 3. Total moderate drought (-1.5 < SPI ≤ -1) duration maps over different periods of time  
[1962 – 1978 (first row), 1979 – 1995 (second row) and 1996 – 2013 (third row)] and for three different SPI 
times scales [SPI3 (first colum), SPI6 (second column) and SPI12 (third column)]. 































Figure 4. Total severe drought (-2 < SPI ≤ -1.5) duration maps over different periods of time  
[1962 – 1978 (first row), 1979 – 1995 (second row) and 1996 – 2013 (third row)] and for three different SPI 
times scales [SPI3 (first colum), SPI6 (second column) and SPI12 (third column)]. 































Figure 5. Total extreme drought (SPI ≤ -2) duration maps over different periods of time  
[1962 – 1978 (first row), 1979 – 1995 (second row) and 1996 – 2013 (third row)] and for three different SPI 
times scales [SPI3 (first colum), SPI6 (second column) and SPI12 (third column)]. 


















Figure 6. Temporal evolution of the percentage area of Romania territory affected by droughts at  
(a) 3-month, (b) 6-month and (c) 12-month time scales for three drought severity categories:  












Figure 7. The spatial extent of the drought conditions at country level for 
 the period May 2000 – February 2001:  























Figure 8. Trends (values/ 1962 – 2013 period) for the (a) SPI3, (b) SPI6, (c) SPI12 and  
(d) monthly precipitation totals. 
 The corresponding statistically significant linear trends at the 95 confindence level are shown attached.  
For (a), (b) and (c) red (blue) indicates a linear trend towards more drier (wetter) conditions. 
For (d) orange (green) indicates a linear trend towards more drier (wetter) conditions. 
 
